Background: Visual estimation is the usual method that many healthcare professional use to estimate the body weight of patients in the Intensive Care Unit (ICU), but this method has been shown to be significantly inaccurate. This study aimed to explores the feasibility of using fibula length to estimate the acute body weight of patients admitted to an ICU.
Relevance to Clinical Practice (1) The actual body weight of Asian patients was found to be 10% less than the standard 70 kg male and 60 kg female estimates that most healthcare professionals used in clinical settings.
(2) The actual body weight of Asian patients was less than that of Western populations by 30% for men and 25% for women, on average. 
Introduction
Assessing the body weight and height of critically ill patients in the intensive care unit (ICU) is often essential, but a real challenge for the healthcare professionals concerned [1, 2] . This is especially true for physicians, nurses and dieticians, as many forms of clinical management -mechanical ventilation by tidal volume per kilogram per breath, antibiotics, nutritional support, inotropes and the dosage of other drugs -all require the patient's body weight to inform management procedures. To estimate the patients' body weight, the usual ICU practice is simply visual estimation, but such methods have been shown to be significantly inaccurate with an error ranged from 11.4% to greater than 20% against measured values [3] [4] [5] . Different institutes or studies developed differnet equations, such as National Institutes of Health (NIH) ARDS Network (ARDSNet), actuarial table (ACTUARIAL) and Stewart (STEWAERT) predicted body weight equation, to predict body weight but significant potential differences existed between these equations [6] . The best bedside method to estimate patients' own body weight is probably simply to ask the patient [7] [8] [9] , but this is not always feasible in an ICU as many patients are intubated, comatose, cannot recall their own body weight, have undergone organ removal during surgery, or their body-fluid components have been changed because of fluid resuscitation or disease progress, such as generalised oedema.
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To achieve safe and adequate nutrient support for critically ill patients, the body weight estimation error should be minimised. The study aimed to explores the feasibility of using fibula length to estimate the acute body weight of patients admitted to an ICU, approval for which has been obtained from the ethics committees of both the hospital and the University.
Methods
A retrospective review of ICU records was carried out in 2015, at a 26-bed unit spread over two wards on the same floor, a general ICU catering for both medical and surgical cases, including trauma, orthopaedic and neurosurgical patients. The turnover of patients was 1,800-2,000, making it one of the largest ICUs in Hong Kong.
The data collection period ran from April 2012 to Aug 2013, with patients identified from the unit's admission book. Admissions of all kinds within this period totalled 2,400. Of the corresponding 2,400 sets of records in the admission book, 986 fulfilled the inclusion criteria but only 490 recorded that the fibular length had been measured and charted by the ICU nurse immediately after admission, when the height was estimated by the following formula [10] : The inclusion and exclusion criteria were as follows:
Inclusion criteria
Adult ICU patients with nasogastric tube (NG) or oro-gastric (OG) feeding, with nutritional product equal to 1Kcal/ml.
Exclusion criteria
• Paediatric patients as there are changes in weight and height with age as well as their relation to body fatness for children. BMI levels among children and teens need to be expressed relative to other children of the same sex and age [11] • Pregnant patients as maternal Boady Mass Index (BMI) increase with parity [12] • Patients currently under total supplemental parental nutrition • Morbidly obese patients with estimated BMI > 30.0 which exceed the median BMI proposed in this study • Malnutrition/prolonged fasting before ICU admission to avoid severe re-feeding syndrome if one of these four criteria is met: • Estimated BMI < 16.0 which below the proposed median BMI in this study • Unintentional significant body weight loss > 15% within last three to six months (reliable history from patient or informant or parent ward) • Clinically cachexic-looking, or alcoholic with features of significant muscle wasting • Patients under jejunostomy or PEG feeding which didn't fulfill the inclusion criteria • Patients with acute pancreatitis which require fasting • Patients with gastrointestinal problems, including post-operative gastrointestinal surgery which cannot initiate the enteral nutrition immediate postoperatively.
Since comorbidity, mortality and body composition data consistently support the use of lower Body Mass Index (BMI) cutoffs in Chinese than those in whites [13] , the body weight was estimated indirectly by using the median value of the BMI (range=18.5-23, midvalue=20.0) according to the Malnutrition Universal Screening Tool for Asian [14] :
Estimated body weight=20 x [estimated body height (in metres)]2
The estimate is then compared with the patient's actual body weight, retrieved from medical records within a month before admission to the ICU. Finally, the estimate target feeding rate was calculated by using the conversion table, and started at 30ml/hr until the target rate was reached.
The remaining cases either fulfilled the exclusion criteria or did not fulfil the inclusion criteria and as a result, according to the protocol, enteral feeding did not start and dieticians were consulted.
The primary outcome was the degree of agreement between the estimated body weight by anthropometric measurement methods and the actual recorded body weight in the patient's medical record within the four weeks immediately before ICU admission.
Data analysis included descriptive statistics of different variables (mean, median, IQR and SD), depicting the distribution of these variables. A Bland-Altman plot was employed to assess whether the anthropometric method of estimating body weight was comparable to traditional weighing methods, and a paired sample t-test was employed to check for any significant difference between these two methods. All calculations were carried out by means of SPSS V23.
Results
A total of 2,400 sets of records in the admission book found within the data collection period, 986 fulfilled the inclusion criteria but only 490 recorded that the fibular length had been measured and charted by the ICU nurse immediately after admission and hence included in this study.
The median age of patients was 60.0 (range 18-97) and the male-tofemale ratio was 290:200 (approximately 1.45:1). The mean actual body weight was 53.58 kg (SD = 6.22). By dividing male from female patients, the mean actual body weight and height of (A) male and (B) female patients retrieved from medical records within the month before admission were found to be (A) 63.4 kg (SD=11.59) and 1.65 metres (SD=0.076), and (B) 54.89 kg (SD=11.20) and 1.53 metres (SD=0.061). However, only 290 patients had their actual body weight measured within the month before admission, and only 227 patients had their height measured during that period.
The mean duration of stay was 4.54 days (range 0.05-85.76). 455 patients were only admitted once (92.9%), 31 (6.3%) were admitted twice and four (0.8%) three times during the study period. 62 patients (12.7%) died there. 332 patients (68.0%) had had an operation immediately before admission. 221 of these operations were of the emergency type (66.57%), with the remainder elective (n=109, 33.43%).
Estimated body height and weight by anthropometric methods
The measured mean fibula length was 39.09cm (SD=4.81), the mean height estimated by measuring fibula length was 1.63 metres (SD=0.095), and the estimated body weight using BMI=20.0 was 53.58 
Degree of agreement in body weight measurement between anthropometric method and weighing scales
To assess the degree of agreement, many studies take the productmoment correlation coefficient (r) between the results of two measurement methods as an indicator of agreement [15] . However, the correlation process investigates the relationship between one variable and another and not the differences, and so it is not recommended as a method of assessing the comparability of different methods. For this reason, the degree of agreement was assessed by a Bland-Altman plot [15, 16] . To fulfil the requirements for employing a Bland-Altman plot [15] , the normal distribution of the differences between the two methods was verified by the Kolmogorov-Smirnov test (pvalue=0.096). Although measuring body weight by scales is a standard or reference method, the true value of the patient's body weight on admission to the ICU was not known and the mean of the two measurements was the best estimate we had. In addition, using scales is controversial, as a plot of difference against a 'standard measurement' will always appear to show a relation between the difference and magnitude when there is none [16] . We therefore chose the mean of the two measurements for the x-axis. Figure 1 shows the plot of differences between method A (anthropometric, using BMI = 20.0) and method B (scales) vs. the mean of the two measurements. From Figure 1 , it shows that the bias was -6.56 kg and the range of agreement was 14.69 kg to -27.81 kg (mean +/-1.96 x SD). The best way to use the B&A plot would be to define a priori limits of maximum acceptable differences (the limits of agreement expected), based on biologically and analytically relevant criteria, and then to produce statistics to see if these limits are exceeded or not. Before the implementation of the project, we did not define any limits of expected agreement, as we wanted to minimise the estimation so that it was as close to actual body weight as possible.
Discussion
This study describes the possibility of using fibula length to estimate indirectly the acute body weight of patients admitted to an ICU, with the aim of achieving safe and adequate nutrient support for this group of patients by better estimating their weight.
The actual body weight of male and female patients was 63.40 kg and 54.89 kg respectively, less than the standard 70 kg male and 60 kg female estimates that most healthcare professionals were using in clinical settings when measuring acute body weight was not feasible. In another study, the actual body weight of patients was estimated to be much higher -81.8 Kg for men and 68.8 kg for women [5] . The difference may due to the fact that average men and women in Western populations are much taller and more heavily built, while the subjects in the present study were Asians, who are normally smaller in build and weight. This is reflected in the greater average height of men and women in the other study when compared with ours (men: 1.72 vs. 1.65metres, and women: 1.59 vs. 1.53 metres) [5] , which support the findings in other study that the use of lower BMI cutoffs in Chinese than those in whites [13] .
Paired sample t-tests of the estimated and actual height of the patient, and the estimated and actual body weight revealed significant differences, with a mean height difference of 0.2649 metres and mean weight difference of 6.62 kg. What this means is that the anthropometric method used in this study overestimated the average patient's height by 0.26 metres (SD=0.7591) and underestimated the weight by 6.62 kg (SD=10.88), which means nutrition support based on the estimated body weight by using this method cannot provide adequate nutrition to the patient and may associated with poor clinical outcomes [17] . However, we cannot conclude that the method was inaccurate in estimating the actual body weight of the patients admitted to the ICU, because the reference weight we selected was the actual body weight measured by scales within the month before admission. Besides, body weight may of course change when the patient has a severe illness or has had any major surgery where internal organs may have been removed. However, the method employed in this study did not consider the effects of surgery or disease severity, such as an APACHE score, and this may have caused inaccurate estimates.
On the other hand, since skeleton height remains relatively constant after puberty, we would not expect there to be any great changes in a patient's height within one month, irrespective of any surgery or severity of illness. The mean difference between the height produced by the anthropometric method and acute patient height was 0.26 metres (SD=0.7591), which means that using fibular length may overestimate the height by 1.75 metres or underestimate it by -1.23 metres, as maxima (means +/-1.96 x SD). Since the standard variation was so large and the paired sample t-test had already shown there was a significant difference between the estimated and actual height of the patient, we may conclude that the use of fibula length alone to estimate patients' height when admitted to the ICU is not feasible. In fact, one similar study, published in 2011, used tibial length to estimate the height and weight of the patient and also showed great variation, with estimates deviating by 33.9% and 36.3% (> +/-5 kg) from the ideal body weight of the males and females attending the emergency department [9] .
To assess the degree of agreement, a Bland-Altman (B&A) plot was employed. The B&A plot does not say if the agreement is sufficient or suitable for use by one method or another. It simply quantifies the bias and a range of agreement within which 95% of the differences between one measurement and another are included [15] . With results showing a 12.24% bias, similar to other studies using visual estimation by a physician (10.58%) or nurse (10.80%) [5] or tibial length [9] , it seems that visual estimation already serves the same purpose as the method that we employed in this project, with a similar estimation error. In addition, the range of agreement was very large which against the use of fibula length alone to estimate the acute body weight of patients admitted to the ICU.
Limitations
The only available acute body weight reference was that of patients measured within the month before admission, which might have undergone drastic change within that month, especially if the patient had just had or suffered from a severe disease, such as severe sepsis causing haemodynamic instability with a large amount of fluid required to stabilise blood pressure. Another limitation was that the fat, muscle and fluid components of a body may be different for people of the same height and age, and hence their weight may differ. For example, the fat and muscle components of a 30-year-old man who does regular bodybuilding exercise may be very different from those of a person of the same height and age who does not. The method used in this study without considering these factors might further under-or over-estimate the actual body weight of patients admitted to the ICU.
Conclusion
The study explores the feasibility of using fibula length to estimate the acute body weight of patients admitted to an ICU, and added certain facts to the present body of knowledge about acute body weight estimation in the ICU: (1) the actual body weight of Asian patients was found to be 10% less than the standard 70 kg male and 60 kg female estimates that most healthcare professionals used in clinical settings; (2) the actual body weight of Asian patients was less than that of Western populations by 30% for men and 25% for women, on average; (3) the use of standard 70 kg male and 60 kg female estimates cannot be applied universally in all ICU settings, as different ethnicity of the patient may have different BMI cutoff; (4) the use of fibula length alone had a similar percentage of bias when compared with visual estimation by healthcare professionals. Despite many studies applying different methods to estimate patients' acute body weight, patient self-reporting still appears to be the most accurate. However, this method does not necessarily work in an ICU, where most patients are intubated, sedated, comatose or simply cannot stand or sit on traditional scales to have their actual weight measured. We suggest further exploration of any other methods that might minimise the body weight estimation error. In the meantime, we further suggest upgrading all ICU beds by adding a weighing function of some kind, in order to achieve safe and adequate nutrient support for critically ill patients.
What is known about this topic
• To estimate the patients' body weight, the usual ICU practice is simply visual estimation, but such methods have been shown to be significantly inaccurate. The error can be as much as or greater than 20% against measured values.
• Patients' own estimates of their body weight are more accurate than those of healthcare staff.
What this paper adds
• The actual body weight of Asian patients was found to be 10% less than the standard 70 kg male and 60 kg female estimates that most healthcare professionals used in clinical settings; • The actual body weight of Asian patients was less than that of Western populations by 30% for men and 25% for women, on average; • The use of standard 70 kg male and 60 kg female estimates cannot be applied universally in all ICU settings, as different ethnicity of the patient may have different BMI cutoff; • The use of fibula length alone had a similar percentage of bias when compared with visual estimation by healthcare professionals.
